ON -BOARD ANTENNA 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to an on-board antenna. 
2. Description of the Related Art 

Conventionally, a planar antenna is known which comprises 
a radiation element provided on the same surface of, for example, 
an automotive window glass which is located on a passenger 
compartment side thereof and a substantially annular grounding 
conductor which surrounds the periphery of an outer edge portion 
of the radiation element at a position spaced away outwardly 
from the outer edge portion of the radiation element ( for example, 
refer to Japanese Published Patent Application 
JP-A-2002-252520. 

Incidentally, in installing the planer antenna according 
to the aforesaid conventional example on a vehicle, in the event 
that the planner antenna is installed on an automotive window 
glass such as a front windshield or rear window glass, for example, 
it is desired to prevent the antenna not only from interrupting 
the vision of occupants of the vehicle but also from 
deteriorating the external appearance of the vehicle. 

In association with this, it has been desired to make 
the planar antenna smaller in size while securing desired 
transmitting and receiving properties for the planar antenna. 



SUMMARY OF THE INVENTION 
The present invention was made in view of the situations, 
and an object thereof is to provide an on-board antenna which 
can be made smaller in size while securing desired transmitting 

i 

and receiving properties therefor. 

with a view to solving the problem so as to attain the 
object, according to a. first aspect of the present invention, 
there is provided an on-board antenna comprising a radiation 
element provided on the same surface (for example, a passenger 
compartment-side inner surface 2A in the embodiment) of a 
dielectric substrate (for example, a rear window glass 2 in 
the embodiment) and a grounding conductor which surrounds a 
periphery of an outer edge portion of the radiation element 
(for example, a radiation conductor 21 in an embodiment) at 
a position spaced away outwardly from the outer edge portion, 
wherein the radiation element has an inner cut-out portion (for 
example, an inner cut-out portion 23 in the embodiment) so that 
the surface of the dielectric substrate to be exposed 
therethrough . 



According to a second aspect of the present invention, 
the radiation element is a substantially quadrangular film 
having two pairs of two opposing corner portions, and the one 
pair of two corner portions is cut so as to form substantially 
linear perturbative portions. 



According to a third aspect of the present invention, 
the radiation element is circular-shape having a predetermined 
width. 

According to a fourth aspect of the present invention, 
an inner edge portion of the inner cut-out portion follows an 
outer edge portion of the radiation element at a position spaced 
away inwardly a predetermined widthwise distance from the outer 
edge portion of the radiation element. ^ 

According. to a fifth aspect of the present invention,, 
an external size of the on-board antenna with the inner cut-out 
portion is smaller than that of an on-board antenna without 
the inner cut-out portion. 

According to a sixth aspect of the present invention,, 
the radiation element may be a semiconductor. 

According to the on-board antenna constructed as 
described above, by forming the inner cut-out portion in the 
interior of the radiation element, the resonant frequency can 
be decreased further while securing desired transmitting and 
receiving properties therefor when compared to a radiation 
element in which no such inner cut-out portion is formed therein, 
whereby in an attempt to secure a desired resonant frequency 
for the radiation element in which the inner cut-out portion 
is provided, the radiation element can be made smaller in size 
or the area of the radiation element on the surface of the 
dielectric substrate can be decreased when compared to the 
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radiation element in which no cut-out portion is provided. 
Namely, since the size of the surface of the radiation 
element on- the surface of the dielectric substrate is set in 
accordance with the wavelength of a target radio wave, the size 
of the surface, of the radiation element can be decreased in 
such a manner that an anticipated decrease in resonant frequency 
that would be caused by the provision of the cut-out portion 
can be compensated for. 

In conjunction with this, the size of the surface of the 
grounding conductor can be decreased, and as a result, the 
on-board antenna can be made smaller in size. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of a vehicle on which an 
. on-board antenna according to an embodiment of the present 
invention is installed; 

Fig. 2 is a cross-sectional view of the on-board antenna 
shown in Fig. 1; 

Fig. 3 is a plan view of the on-board antenna shown in 
Fig. 1; 

Fig. 4 is a plan views of the on-board antenna shown in 
Fig. 1 and a planar antenna in which no inner cut-out portion 
is provided; 

Fig. 5A is a graph illustrating one example of a change 
according to an elevation angle e in average sensitivity of 
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the on-board antenna shown in Fig. 1; 

Fig. 5B is a graph illustrating one example of a change 
according to an elevation angle 8 in average sensitivity of 
the planar antenna having no inner cut-out portion provided 
therein which is shown in Fig, 4; 

Fig. 6A is a graph illustrating one example of a change 
according to an elevation angle 9 in sensitivity within a plane 
containing a vertical axis Z and a longitudinal axis X of a 
vehicle which is associated with the on-board antenna shown 
in Fig. 1; and 

Fig. 6B is a graph illustrating one example of a change 
according to an elevation angle 0 in sensitivity within the 
plane containing the vertical axis Z and the longitudinal axis 
X of the vehicle which is associated with the planar antenna 
having no inner cut-out portion provided therein which is shown 
in Fig. 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to the accompanying drawings, an embodiment 
of an on-board antenna of the present invention will be described 
below. 

An on-board antenna 10 according an embodiment of the 
present invention is, as shown in Figs. 1 and 2, disposed on, 
for example, a passenger compartment-side inner surface 2A of 
a peripheral edge portion 2a of a rear window glass, for example, 
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of window glasses of a vehicle 1. 

Then, this on-board antenna 10 is may be, for example, 
a GPS (Global Position System) antenna used in receiving a 
positioning signal from a GPS communications network for 
measuring the position of a vehiclebymakinguseof an artificial 
earth satellite or transmitting an emergency message by making 
use of positional information from GPS, for example, a DSRC 
(Dedicated Short Range Communications) antenna used -in 
receiving data distributed from various types of information 
providing services or implementing a process of automatic toll 
collection through a narrow area radio communications DSRC 
between roadside radio, equipment and on-board radio equipment, 
for example, an antenna for receiving data distributed from 
broadcasting and/or various types of information providing 
services which utilize an artificial earth satellite, or , for 
example, a mobile communications antenna used for mobile 
communications between an artificial earth satellite or 
appropriate base station and the vehicle. 

The on-board antenna 10 includes, for example, a planar 
antenna 11 disposed on a passenger compartment-side inner 
surface 2Aof a rear window glass 2 which functions as a dielectric 
substrate, and the planar antenna 11 includes, for example, 
as shown in Fig. 3, a radiation element 21 comprising a conductive 
film disposed on the passenger compartment-side inner surface 
2A of the rear window glass 2 and a grounding conductor 22. 
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The radiation element 21 is formed such that, in a 
substantially quadrangular conductive film having two pairs 
of two opposing sides, for example, a pair of two corner portions 
■of two pairs of two opposing corner portions which are formed 
by two adjacent sides which intersect each other substantially 
at right angles is cut so as to form substantially linear 
perturbative portions 21a, 21a, so that a circularly polarized 
wave mode is generated by these perturbative portions 21a, 21a. 

Furthermore,, an inner cut-out portion 23, which is made 
to be a through hole, is provided in the interior of the radiation 
element 21 , so that the passenger compartment-side inner surface 
2Aof the rear window glass 2 is exposed through the inner cut-out 
portion 23/ and the radiation element 21 is formed substantially 
into an annular shape which is completed when end portions of 
a. belt-like conductor of a predetermined width, for example, 
are connected together. 

Here, an inner edge portion of the inner cut-out portion 
23 is formed so as to have a configuration which follows an 
outer edge portion of the radiation element 21 at a position 
spaced away inwardly a predetermined widthwise distance from 
the outer edge portion. 

Due to this, substantially linear corner portions 23a, 
23a which follow, respectively, a pair of substantially linear 
perturbative portions 21a, 21a formed on the outer edge portion 
of the radiation element 21 are formed at a pair of two comer 
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portions of two pairs of two opposing corner portions on the 
inner edge portion of the inner cut-out portion 23. 

Then, the radiation element 21 is connected to an 
appropriate feeding line (not shown) so that an appropriate 
high-frequency electric current is fed thereto. 

The grounding conductor 22 is formed into a substantially 
quadrangular annular conductive film and is connected to an 
appropriate ground wire (not shown) so as to be grounded at 
all times. The grounding conductor 22 is disposed so as to 
surround the periphery of an outer edge portion of the radiation 
element 21 provided on the passenger compartment-side inner 
surface 2A of the rear window glass 2 at a position spaced away 
outwardly from the outer edge portion. 

According to this construction, the passenger 
compartment-side inner surface 2A of the. rear window glass 2 
which is made to function as the dielectric substrate is exposed 
between the outer edge portion of the radiation element 21 and 
an inner edge portion of the grounding conductor 22, and the 
planar antenna 11 is made to function as an antenna when a 
so-called resonance circuit is formed between the radiation 
element 21 and the grounding conductor 22. 

Here, by setting the antenna properties of the planar 
antenna, for example, the resonant frequency and frequency band 
of a radio wave to be transmitted and received to desired values, 
the permitivity of the rear window glass 2 made to function 
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as the dielectric substrate, respective lengths of the two pairs 
of opposing sides of the radiation element 21 and the distance 
between the outer edge portion of the radiation element 21 and 
the inner edge portion of the grounding conductor 22 are set 
to appropriate values. 

For example, in an attempt to secure a desired resonant 
frequency, the respective lengths of two pairs of two opposing 
sides of the radiation element 21 are set to lengths which are 
smaller by predetermined extents than lengths that are set in 
a state in which the inner cut-out portion 23 is not provided. 

Namely, by providing the inner cut-out portion 23 in. the 
interior of the radiation element 21, the resonant frequency 
can be decreased when compared to a case where no inner cut-out 
portion 23 is provided in a radiation element having the same 
external size as that of the radiation element 21. 

According to this construction, as shown in Fig. 4, for 
example, an anticipated decrease in resonant frequency that 
would be caused by the provision of the inner cut-out portion 
23 can be compensated for by setting the external size (for 
example, the respective lengths La of the two pairs of two 
opposing sides) of the radiation element 21 in which the inner 
cut-out portion 23 is provided smaller than an external size 
(for example, the respective lengths Lb of two pairs of two 
opposing sides) of a radiation element 31 of a planar antenna 
30 which is set to secure a desired resonant frequency in a 
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state in which no inner cut-out portion 23 is provided. 

Note that, in Fig. 4, the planar antenna 30 in which no 
inner cut-Out portion 23 is provided includes the radiation 
element 31 havingperturbative portions 31a, 3lawhichare formed 
by cutting a pair of comer portions of a substantially 
rectangular conductive film and a grounding conductor 32 
disposed in such a manner as to surround the periphery, of an 
outer edge portion of the radiation element 31 at a position 
spaced away outwardly from the outer edge portion. 

For example, as shown in Fig. 5A, it is recognized that 
a change according to an elevation angle 9 in average value 
(average sensitivity) dBa around a vertical axis (an axis z 
shown in Fig. 1) of a sensitivity or gain relative to a radio, 
wave at a desired resonant frequency of the on-board antenna 
10 becomes substantially similar to the sensitivity Db of the 
planar antenna 30 having no inner cut-out portion 23 which is 
shown in Fig. 5B, for example. 

in addition, for example, it is recognized as shown in 
Fig. 6A that with a change according to the elevation angle 
6 in sensitivity Da relative to a radio wave at a desired resonant 
frequency of the on-board antenna 10 within a plane containing 
the vertical axis Z ( the axis Z shown in Fig. i) and a longitudinal 
axis X (an axis X shown in Fig. 1) of the vehicle, a desired 
directional property can be secured, as with the sensitivity 
Db of the planar antenna 30 having no inner cut-out portion 
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23 which is shown in Fig. 6B, for example. 

As has been described heretofore, according to the 
on-board antenna 10 according to the embodiment of the present 
invention, by providing the inner cut-out portion 23 in the 
interior of the radiation element 21, the resonant frequency 
can be decreased further while securing desired properties of 
sensitivity when compared to the radiation element 30 in which 
the inner cut-out portion 23 is not provided, whereby, in an 
attempt to secure a desired resonant frequency for the radiation 
element 21 in which the inner cut-out portion 23 is provided, 
the external size of the radiation element 21 can be made smaller, 
than that of the radiation element 30 in which the inner cut-out 
portion 23 is not provided. In conjunction with this, the 
external size of the grounding conductor 22 can be decreased, 
and as a result, the on-board antenna 10 can be made smaller 
in size. 

Note that while, in the embodiment of the present invention, 
the planar antenna 11 is made to include the radiation conductor 
21 which is formed of the conductive film and the grounding 
conductor, the present invention is not limited thereto. For 
example, a radiation element formed of a semiconductor may be 
provided in place of the radiation conductor 21. 

While there has been described in connection with the 
preferred embodiments of the present invention, it will be 
obvious to those skilled in the art that various changes and 
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modification may be made therein without departing from the 
present invention, and it is aimed, therefore, to cover in the 
appended claim all such changes and modifications as fall within 
the true spirit and scope of the present invention. 

As has been described heretofore, according to the 
on-board antenna as set forth in the first aspect of the present 
invention, by providing the inner cut-out port ion in the interior 
of the radiation element, the resonant frequency canbe decreased 
further while securing desired properties of sensitivity when 
compared to the radiation element in which the inner cut-out 
portion is not provided, whereby, in an attempt to secure a 
desired resonant frequency for the radiation element in which 
the inner cut-out portion is provided, the size of the radiation 
element can be made smaller than that of the radiation element 
in which the inner cut-out portion is not provided. Namely, 
the areas of the radiation element and the grounding conductor 
which are placed on the dielectric substrate can be decreased. 
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